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Irrigation  has  been  a  dominant  factor  in  the  agricultural  liveli- 
hood in  the  Arkansas  River  bottomland  area  of  Kearny  County,  Kansas* 
The  construction  of  three  ..rincipal  irrigation  ditches  round  1900  marked 
the  genesis  of  a  major  portion  of  the  irrigation  projects  in  the  area* 
However,  some  of  the  land  has  been  irrigated  for  75  years,  while  other 
land  is  utill  being  :  laced  under  irrigation  for  the  first  time* 

The  principal  crops  now  grown  under  irri  tion  are  wheat,  sorghum* 
and  alfalfa.  In  past  years  sugar  beets  and  other  truck  crops  were  of 
more  importance.  Many  persons  concerned  with  the  agriculture  of  the  area 
have  noted  that  cro;~  yields  were  lower  than  should  be  expected.  They 
suggested  that  this  ;.:ight  be  the  result  of  salt  accumulation  in  the  soil* 
Therefore,  the  present  study  was  undertaken  specifically  to  determine  the 
effect  that  irrigation  has  had  upon  the  salt  content  and  other  chemic 
properties  of  some  typical  Kearny  County  soils* 

WATER  SOURCES  A»  .JJALITY 

In  the  valley  area,  well  over  half  of  the  individual  farmers'  irri- 
gating water  supply  was  drawn  from  one  of  the  three  large  ditches,  the 
Amazon,  the  Great  Eastern,  or  the  South  Side  irrigating  ditches  (Fig*  1)* 
Sash  ditch  originated  in  the  Arkansas  River,  and  the  water  quality  has 
varied  directly  with  the  amount  of  stream  flow  as  a  general  rule.  Table 
1  lists  the  water  quality  of  a  number  of  samples  taken  from  the  Arkansas 
River  in  this  area  at  different  times. 
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Table  1.  Chemical  analyses  of  surface  waters  originating  in  the 

Arkansas  River. 


Parts   per   Million 
Date    :  Total  :  Ga  :  rig  "1  Jta  :  CO   :  HCO  :  CI  :  SO^ 


May,  19561  1185  1^2  52  163  7.3  209  61  63I 
April,  1952  2502  264  103  380  0  239  117  1500 
June,  1958  247    7^     ^51 


st  valley  farms  had  shallow  wells  as  supplementary  water  sources, 
while  a  few  had  deep  wells.  The  water  table  was  found  at  a  depth  of  25 
feet  or  lens,  according  to  McLaughlin  (6).  This  made  the  use  of  shallow 
wells  raite  practical.  The  wells  yielded  over  the  range  of  100  to  4,500 
gallons  per  minute.  The  higher  yields  were  from  batteries  of  five  to 
eight  wells  incorporated  into  one  unit.  The  quality  of  water  from  these 
sources  varied  from  one  well  to  another  (6). 

At  the  time  of  this  study  irrigation  was  only  beginning  on  the  up- 
lands. In  this  area,  deep  wells  provided  the  only  wnter  sources  as  the 
water  table  was  located  from  150  to  200  feet  below  the  land  surface. 
Irrigation  in  both  areas  was  entirely  of  the  flood  type,  either  in  basins 
or  furrows. 

The  remaining  water  source  wa3  precipitation  which  averaged  about 
17  inches  annually,  with  over  70  percent  falling  in  the  six  month  period 
from  April  through  September. 


Information  supplied  b--  the  Kansas  State  Board  of  Health,  Division 
of  Sanitation,  Topeka,  Kunsa3.  Samples  were  taken  at  Dodge  City,  Kansas. 

Average  of  five  samples  of  ditch  water  from  the  South  Side  irri; 
ing  ditch,  Kearny  County,  Kansas. 


b  intensity  and  *&«.     t   rain  whicn  tall  in  each  store  varied 
greatly.  The  usefulness  of  the  rainwater  uo,  ended  upon  when  it  fell*  and 
this  in  turn  deteruinoi  the  extent  to  which  the  well  w^ter  sad  possibly 
the  ditch  water  were  used*  According  to  fsafrle  (13)  a  very  snail  amount 
of  salts  could  have  boon  added  to  the  eoii  chrough  rainwater* 

ithin  each  cor..  .orison  samples  were  taken  froai  sites  that  had  been 
irrigated  for  50  years  or  sore  and  froa  sites  that  had  been  irri  atod 
only  a  short  tine  or  ot  at  all*  The  sites  in  each  cea±  arisen  were 
sampled  so  that  ti.o  soil  wo.  id  be  as  nearly  alike  as  possible*  Two  sam- 
ples were  takes  oa  the  uplands  northwest  of  Lakla,  on  the  Lichfield* 
Ulysses  •  Colby  soil  aeacci        hree  more  samples  were  take  i  north 
of  Deerfield  on  the  Ulysses*  Colby  soil  association*  These  two  assoc- 
iations were  quite  similar  in  characteristics*  being  very  deep*  grayish 
brown*  silt  loss  soils  with  very  little  profile  development*  The  rest 
of  the  sites  were  located  in  the  valley  are;-,  on  reseat  alluvium*  Pheae 
soils  were  quite  stratified  with  no  profile  development  aad  varied  in 
the  texture  of  the  surf  see  layer*  In  practically  all  of  the  valley 
sites  sampled,  a  layer  of  loose  sand  was  encountered  at  a  depth  of  four 
to  five  feet*  figure  1  is  a  map  of  the  cabling  ares  showing  the  rel- 
ative looationo  of  the  different  sampling  sitss* 

Samples  were  taken  with  a  three-inch  diameter  head  auger  by  six- 
inch  depths  to  five  feet*  Saoagh  soil  was  obtained  froa  each  six-inch 
interval  to  fill  completely  a  one  quart  water  proo*   lee  cresa  carton* 
The  aaaplos  were  transported  bsck  to  the  laboratory  ia  Manhattan,  Xaaasa 


in  these  containers.  The  27  sites  were  sampled  and  the  soils  transported 
to  the  laboratory  over  a  span  of  four  days. 

The  land  sampled  was  nearly  level,  and  there  was  no  particular 
microrelief  to  deal  with  in  most  instances.  The  exceptions  were  found 
in  fields  where  row  crops  (sorghums)  had  been  planted.  In  these  cases 
the  samples  were  taken  between  the  rows  as  recommended  by  Wadleigh  and 
Fireman  (15)  and  the  United  States  Salinity  Laboratory  staff  (l*f,  i>.  *»1). 
This  was  done  in  order  to  give  the  profile  on  which  to  study  salinity 
am  it  affects  cro„  growth* 

PROCKDU 

Immediately  upon  arrival  at  the  laboratory  the  samples  were  placed 
on  sheets  of  brown  wrapping  paper  and  allowed  to  air  dry.  The  sands 
were  sieved  through  a  numb   18  sieve  and  replaced  in  the  ice  cream  car- 
tons*   The  fi  ^er  textured  soils  were  ground  in  a  Braun  Pulverizer,  and 
also  replaced  in  the  ice  cream  cartons  for  storage* 

EXTRACTIONS 

The  soils  were  extracted  for  water  soluble  cations  and  anions  and 
for  extract-, ble  cations*  For  the  water  soluble  extract  a  saturation 
paste  was  prepared  according  to  the  method  described  by  the  United  States 
Salinity  Laboratory  staff  (Ik   p.  3*0  (method  2).   Five  hundred  grans  of 


These  samples  were  lost  when  the  east  wing  of  Waters  Hall,  K:  nsas 
t  te  College,  burned,  August  25,  1957- 


soil  were  used*  The  saturation  percentage  was  determined  from  the  amount 
of  water  needed  to  bring  the  air  dry  soil  to  ©  turation.  In  mixing  np  the 
•oil  paste*  eare  had  to  be  taken  to  get  each  soil  at  the  saturation  point* 
By  using  the  above  aenti  ned  crii  ria  (1**)«  ro-roduc  ble  results  couid 
be  obtained  between  samples  end  saong  workcrc  Howeve  -,  on  the  sandier 
soils  there  was  a  tendency  to  use  too  uch  water  while  on  the  fine  cl  ,y 
soils  the  tendency  was  to  use  too  little  water*  A  Bockaan  pB  meter  with 
a  glass  electrode  assaably  wsa  used  to  determine  the       las  soil  paste* 
The  saturation  paste  was  allowed  to  stand  for  *»  tc  16  hours  In  a  Buohner 
funnel  (I**,  p«  38,  method  }a)  so  th  t  the  gypsum  sight  reach  equilibrium* 
During  this  time  the  Buehner  funnel  was  covered  with  a  paper  towel  satu- 
rated with  water,  to  prevent  evaporation*  Suction  was  then  applied  with 
a  vacuum  pump,  nd  as  much  extract  obtained  as  possible.  This  extract 
was  transferred  to  129  nl*  Srlenmeyer  finales  for  storage  in  a  refrigerator* 

attract  ble  cations  were  obtained  by  shaking  10  g*  of  soil  and  50 
ml*  of  neutral  1  H   aaaonium  aoetate  together  in  a  1«;5  ml*  Srlenmeyer 
flask*  The  mixture  was  ah  ken  for  10  minutes  on  a  3ur. ell  model  DP  wrist 
action  mechanical  shaker*   The  extract  was  then  filtered  and  stored  in 
the  refrigerator  in  125  ml*  Srlenmeyer  flasks* 

METHODS  Or  AHALTSSS 

The  eleotrioal  oonduotivity  of  the  saturation  extract  (referred  to 
hereafter  us  conductivity)  was  obtained  on  an  Industrial  Instruments* 
aodel  3C  •  BC,  eonductlvity  bridge  with  a  plpstte  type  conductivity  oell* 
The  water  soluble  o  tiona  were  determined  on  a  Bookman  aodel  00  flume 
photometer  with  a  No*  *»300  photomultiplier  attachment*   The  &ettin>;o  used 


are  listed  in  Tabic  2.  Dctermin  tioiu;  were  run  on  35  to  40  samples  at 
a  time.  The  concentrations  used  for  standard*  in  determining  the  stand- 
ard curves  are  listed  in  Table  3*     New  graphs  were  drawn  for  each  set  of 

samples. 


Table  2.  Instrument  settings  on  the  Backman  flame  photometer  used 
in  determining  water  soluble  and  extract^ble  cations. 


Element 

Wave 

res- 

multi- 

slit 

zero 

oxygen 

acety- 

length 

istor 

plier 

width 

suppres- 

(pel) 

lene 

(mu.) 

(ram.) 

ion 

(pu;.. 

K 

768 

3 

3 

0.10 

0  or  1 

10 

4 

Ca 

554 

2 

2 

0.14 

0 

10 

4 

Kg 

285.5 

2 

4 

0.08 

0 

10 

4 

Na 

589 

2 

1 

0.09 

0 

10 

4 

Table  3.  Concentrations  of  standards  used  on  the  Bectanan  flame 

photometer  in  determining  water  soluble  and  extr  ctable 
c  tioas. 


Element 

C  one  en tr a tions 

of 

ut  udards 

in 

ppm. 

K 

25 

20 

15 

10 

5 

0 

Ca 

100 

8o 

60 

40 

20 

0 

Mg 

50 

40 

30 

20 

10 

0 

Ha 

10 

8 

6 

4 

2 

0 

The  water  soluble  anions  were  determined  on  the  same  saturation 
extract.  The  following  procedures  were  used  as  listed  by  the  United 
States  Salinity  Laboratory  staff  (14).  The  carbonate  and  bicarbonate 
ions  were  determined  tltriraetricully  using  standardized  sulfuric  acid 
(14,  p.  98,  method  12).  The  chloride  ion  was  determined  by  titration 
using  standardized  silver  nitrate  with  potassium  chromate  as  the 


Indicator  (14,  p»  98,  method  13)*  The  sulfate  Ion  was  precipitated  as 
gypsua  and  cetera  ned  by  electrical  conductivity  (14,  p*  99*  method  14b) 
•tt  en  Industrial  instruments  Conductivity  Bridge,  Kedel  HC  16  Bl«  A 
water  beta  wee  used  to  aaint  in  the  temper  turo  of  3  lutions  at  21)  C« 

The  extractable  cations  were  determined  on  the  fleekaan  Motel  SB 
flame  photometer  on  33   to  40  sample a  at  a  tice  just  ae  the  watea/ soluble 
eatleas  were*   n   trunent  settings  and  ooi  centrationa  of  standards  (Tables 
2  and  3f  respectively)  were  identical  with  those  used  fcr  the  water  sol- 
uble cations.  The  only  dif ferot.ee  was  that  the  standards  for  the  extract- 
able  c-tions  were  Made  up  in  neutral  1  M  amaonlua  acet  ite. 

Exchangeable  eatiuna  were  determined  by  subtracting  the  water  sol- 
uble euticna  from  the  extractable  cations.  The  exohaage  capacity  was 
obtained  by  adding  the  quantities  of  the  fear  exchangeable  cations  toget- 
her, dl   water  soluble  and  exchangeable  ions  './ere  reported  as  ai      iv- 
alenta  par  100  g.  sail*  The  exchangeable  sodium  percentage  (i.J' )  was 
then  obtained  by  dividing  the  cation  exchange  capacity  into  the  exchange- 
able sodiua  and  mult-       by  100« 

BffiHMI  I  MRUS    %  f    Ul   uY    N 

Ovawth  deficiencies  of  grain  crops  in  the  area  studied  would  be 
anticipated  with  extract  conductivity  readings  of  about  six  aillimhos 
per  od.  (14).  Values  of  10  ailliahos  per  on.  or  higher  would  be  consid- 
ered too  high  for  growth  of  the,  9   crops.   lfalfa  had  about  the  sane 
range  af  tolerance  except  that  the  above  aentioned  conductivity  values 
should  be  placed  at  4  end  I?   nilliahoa  per  cm.,  respectively. 

The  exchangeable  sodiua  in  the  soil  aay  be  injurious  to  the  land* 


9 


This  le  due  usually  to  the  adverse  physic -1  o<  u'.itioa  (dispersion) 
isposed  when  the  exchangeable  3oditt»  percentage  reaches  I  level  ef  10 
to  15  percent,  The  former  figure  is  used  as  the  danger  point  by  the 
Kansas  state  Soil  'e  ting  Laboratory ,  while  the  United  States  Salinity 
Laboratory  uses  the  letter  valu 

RESULTS  AND  DJ       OS 

The  pB  aeasttreaent  proved  to  be  of  no  value  in  determining  the 
salinity  or  alkalinity  of  the  soil*  Invcribly  the  values  were  between 
?*k  and  8.0,  being  sore  concentrated  near  the  laiddle  of  that  range* 
There  was  no  diaeernrtble  trend  found  from  one  site  to  another ,  or  wi 
de  th  within  a  single  profile.  This  was  likely  due  to  the  high  aoo  at 
of  salts  in  the  profile. 

The  27  si tea  sampled  were  divided  into  11  coop. orisons.   The  follow* 
in ;  discussion  deals  with  each  comparison  separately * 

Biehfiold,  Ulysses,  Jolby  Soil  Association 

The  soils  for  the  first  comparison,  listed  A  (Tables  *  and  5), 
were  token  •      level  uplands  northwest  of  Lafcin,  All  irrigation  in 
this  area  had  been  frost  dee:  wells  as  the  water  table  was  frora  150  to 
200  feet  below  the  land  surface.  The  soil,  a  loess  deposit  of  the  Idea- 
fir      yeses,  Colby  soil  association  varied  little  froa  one  ioc ,  tion 
to      %  IiilfiMm  in  this  area  was  only  in  its  infant  stages,  and 
such  of  the  land  was  still  in  the  proeoss  of  being  leveled,  Very  few, 
if  any,  wells  had  been  in  operation  acre  than  five  years*  For  these 
reasons  only  one  comparison  study  was  aade  for  the  entire  area*  soil 
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samples  were  taken  r'rom  profiles  in  two  fields,  one  of  which  had  been 
irrigated  for  one  year,  while  the  other  had  not  been  irrigated,  lioth 
fields  had  been  cultivated  for  about  15  years,  and  both  were  fallow  at 
the  time  of  sampling.  The  analy.     omed  to  indicate  that  the  two 

is  were  c  •»   There  bt  increase  in  the 

conductivity  and  concentration  of  total  water  soluble  ions  in  the  irri- 
gated soil,  K  m   1,  over  the  non-irrigated  soil,  A  -  2.  This  trend  should 
be  checked  if  a  similar  study  is  run  in  the  futuro.   The  analyses  indi- 
cated that  the  effects  of  salinity  on  crop  growth  would  be  ■!— \   negli- 
gible on  these  soil3  (lkt   p.  9)« 

Ulysses,  Colby  Soil  Association 

The  soils  for  comparison  E  (Tables  6  and  7)  Wvire  taken  north  of 
Deerfi^ld  on  the  Ulyc   ,  -olby  soil  association*   These  samples  repre- 
sented both  the  soils  and  the  effects  of  irrigation  on  the  soils  of 
this  area  very  i  til*   Site  3  -  1  was  locat?d  on  a  field  whish  had  been 
irrigated  for  50  years  using  ditch  water.  The  principal  crops  crown 
recently  were  milo,  wheat,  and  barley.   Alfalfa  had  been  Town  in  the 
past.  The  field  was  fallow  ..'her;     led.   Site  B  -  2,  which  had  never 
been  cultivated,  was  located  nearby  in  a  former  churchyard.   There  was 
a  noticeable  lac  n   c  in  tho  conductivity  and  concentration  of  total 
water  soluble  ions  in  the  irrigated  soil  below  the  18  inch  level.   This 
was  apparent  1-  o  uuttd  bj  an  incrca  ;e  in  the  coecej'tr'vf.inn  of  water  soluble 
calcium,  rar       ,  and  sodium  cations,  and  the  water  soluble  sulfate 
anion.   This  suggested  that  the  sulfate  salts  were  being  washed  out  of  the 
.surface  an<.   .;ing  accumulated  in  the  lower  part  of  the  profile.   There  was 
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a  higher  exchaageable  aodiun  percentage  (ESP)  throughout  the  profile  of 
site  3-1  than  In  jitc   -  .  -UUi  aad  ©olciu« 

apparently  had  not  boon  ••.ltorec  by  Irrl      .  The  align*  aocnwulation 
of  salt  in  thie  comparison  waa  not  enough  to  make  the  load  baraful  for 
crop  growth. 

In  this  r.-^   ,  -ae  extra  soli,  alto  B  -  p  (Table  8)  waa  »a«plod 
because  tt  waa  known  to  have  been  a  L.  It  should  be  eapJ 

slaod  that  this  aoil  w  a  not  typical  of  the  area.  It  waa  ioo  ted  within 
500  yards  of  the  onat  shore  of  Lake  HcKlnney*  Tho  la'.ce  was  retained  by 
a  dyke  eo  that  the  watar  level  waa  often  higher  than  the  surrounding 
land*  Thia  caused  the  water  table  to  rise,  bringing  e-lta  to  the  nurface. 
lthough  it  waa  it  evident  at  the  tine  of  ea»pling»  the  landowner  stated 
that  oa  oocaalona  in  the  paat  a  white  cruet  had  oovered  the  land  aurfaco. 
The  land  waa  to  be  returned  to  cultivation  in  the  fall  of  195?  «  after 
lying  fallow  for  a  few  yearo.   a  ahown  in  Table  8t  the  aoil  waa  quite 
•aline .  The  conductivity  re  dingo  ranged  from  5  to  10  nillimhoo  par  cm., 
the  peak  beinc  in  the  second  foot  depth,  rheee  readlnga  were  cauaed  by 
water  ooluble  ion  c  noentratioaa  ao  high  as  4.5  no.  per  100  ff  aoil. 
The  catlona  were  distributed  among  calcium,  nagnea-um,  and  sodium,  with 
the  latter  usually  in  highest  concentration.  The  ohloridci  sulfate  ratio 
below  the  firat  foot  waa  slightly  less  than  1»2  whieh  waa  ao  high  an 
found  in  any  of  the  eitee  campled  for  the  utudy.  The  ESP  waa  10  or 
above  la  the  top  three  feet  and  up  to  Ik   in  the  surface  six  inches.   oth 
the  conductivity  and  the  S&9  values  indicated  the  land  would  grow  only 
•alt  tolerant  plants.  The  landowner* a  experience  proved  the  tests  to  be 
reliable  in  this  case.  Ho  particular  algna  of  dispersion  were  noticed 
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at  the  tine  of  sailing,  however,  the  land  was  fairly  dry,  but  not  dry 
enough  to  crack* 

Valley  Alluvium  Area 

The  remaining  comparisons  were  taken  iron  the  valley  alluvium  ma 
this  was  where  must  of  the  long  time  irrigation  was  found.  These  soils 
were  quite  vari-ble  so  a  number  of  comparisons  were  obtained*  Samples 
within  a  co      on  were  taken  as  close  together  aa  possible  to  eliminate 
differences  in  soil* 

Comparison  C  (Tables  9  and  10)  included  soils  from  three  sites: 
one  of  long  time  irrigation  (C  -  1),  one  which  had  been  haphazardly 
irrigated  for  a  number  of  years  (C  -  2),  ond  a  dryland  field  (o  -  3)» 
The  first  site     i.i  sorghum  at  the  time  of  sampling,  while  the  last 
two  were  fallow*  The  field  in  which  site  (C  -  1)  was  located   g  one  of 
the  first  pieces  of  land  in  the  area  to  be  put  under  irrigation  about 
75  years  ago*  -'or  the  firut  fifty  years  the  land  was  watered  entirely 
from  the  ditch*  About  25  years  ago  a  shallow  -well  was  added  as  a 
supplementary  water  source*  The  site  (C  -  2)  land  had  been  irrigated 
haphazardly  for  the  last  kO   to  50  years  by  both  ditch  and  shallow  well* 
The  land  had  not  been  leveled  for  irrigation,  although  it  was  naturally 
well  adapted*   The  land  of  site  (C  -  5)  had  been  cultivated  for  12  to 
15  years  but  had  not  been  irrigated*  It,  too,  was  naturally  level  and 
was  soon  to  be  put  under  irrigation.   The  values  of  the  saturation 
percentages  showed  that  the  soils  were  of  similar  texture*  The  soil  of 
the  long  time  irrij  ted  site  (C  «•  1)  showed  a  salt  accumulation 
compared  to  the  dryland  soil  (C  •  5)  below  the  surface  six  inches*  The 
sample  from  site  (C  -   2)  showed  a  similar  increase  in  salts  below  the 


I 


18 


8 


i- 


••••••••••     ••••••••• 

■JMM  KNKNO  H  <M  <Vi  CM  OJ       <\)  f\J  K>  CM  O  O  <\l  H  H 


t&CANO  0\tf\&O  Cn. 
•    ••••••» 

CM  WMCS  K\  K\  CW  J"  lf\ 


■ 


i^«^i)id» 


•3 


JVN 


•    •    •    •    • 


M^ggg^*; 


<M  fVi 


8* 
3 


Q 


S8g8fc*R8MR- 


•     ••••••• 

OOOOHOOO 


u 
u 

H 


.    NQH  O  HI  K\00  0>Cs.       r-t  H  rs\0  J-  OA<A 


•    •    •    •    • 


•    •    •    • 


SrtSRMrtffRr   «R«M»s!5J 


ru  ir\-3-.tf  niHA)  tf\p«-4  *• 

'  tf\  C^.  trs^t  K\  IrtCO  NO  O*   sS 


•    •    • 

o  o  oo 


•    •••.• 

o  o  o  o  o  o 


oj  o  oeovScovo 


H 


•    ••••• 

HOOOO 


&fcfc8»sK«s&  «s«&e«aais  **s^feR«p 


•  ••••••••• 


•  ••••••• 


•  •••••••••    •  ••••••••»    •  ••••••• 

HHHHlfiMfJHH       HH)  H  H)  i?\l?\  CM  3r  K\  CM       H<V)<\Sf\iHHHH 


»K\ 


"HOOOOOOOOO 


J 

n 
t-t 


•  ••••••••• 


* 


in  o 


•  ••••••••• 

HOOOOOOOOO 


I 


I 


~H<\J  H  CN  <\1  ON  Q  KMf\  H 


Mti 


*\Ki  n3  i*\«^k 


^* 


r<HHOOOOO 


1 

<M  J 


•  ••••••••  • 

f>{0  H  H  KN*  4-  .*  jf  -a 

<M 


■ 


■#J-OOnOn0N0n0cQ 
•   ••••••••• 

-' 
■ 


•  ••••••••• 


r\  tf\  KM 


I     I     I     I     I     I     I     I     I     I 


0|0  NO  f\>  CO  -?    O  NO  C  U  OO  -# 


H^as^R^s^ss^as^R^s^SiK^ss^R^afs 


1 1 1 1 1 1 1 1 1 1 1 


O  O 


'^ass&tt^a^^asis&Ks 


»"  H  r-l  iA3"  f\J  f\J  H 


SxSttaSSM 


■H  rlrt 


•    •    •     • 


•  <M  O  M  O  -4-  a1  ."\  H 
•    ••••••• 

S  K>r>.£.H  lf\w±  »^N0 
lr.  Jt  4-  &  Jt  JtttSITi  ty 


I     I     I     t     I     I     I     I 


19 

3 

fAtN  IN  IA  fACO  00  J-HCJi 

on  cm  f\i      o\-*  ia  on     vo 

VO  CMJ-  fM  VO  CN  CM  00 
r^J-vo  CO  O  IA  K\oo 

•tlOirlOvONOOCONN 

CM  fAoo       CO  O  0-*        IA 

■p 

•   ••••••••• 

•     ••          ••••          • 

•    ••••••• 

o 

EH 

OCM  r)  fj  H  O  rl  H  M  l\l 

OOO        H  CM  H  CM        CM 

OCOOHOHO 

v 

s 

1 
o 

• 

o 

— 

>i 

o 

g 

;-, 

lA 

o 

CO 

o 

•rl 

Jt 

><  Joo  (f\ovoc\OO^rj 

4<*fcoOIAUMNCMH-*CMA 

<tJ.C04-   tAtM  ON  KncO 

U 

O 

I  JH  ONCO  iavq  tNvc  O  IA 

C  >  O  VO  ON  INCO  IA  CM  CN  CM 

St>  041  VOOO  CM  CM  tN 

■ 

TO 

IA 

•   •     •••     •     •     •     •     • 

O 

•     ••••••••• 

O 

•     ••••••• 

-» 

S 

tN  >oj  OHHOHHfJN 

JC*  OOOHHHNHM 

rt'OO  OOOHO 

o 

o 

pi 

Pi 

•  • 

g 

1 

9 

o 

O 

o 

s 

(0 

•Hi  J  rA.*  ir\-*  J-  O  -*  C\  On 
-OOOOOOHHOKN 

•rlls  CM  J-         lA  CM  CO  ON        CM 

•rO-d-KN-d-CMcrNKNCM 

3 

n 

H 

+000        OHHO        CJ 

4rlCOOHOOO 

•H 

o 

o 

a 

•    ••••••••• 

■ 

•     •           •     •     •     •           • 

a 

>••••••• 

> 

•d 

'-OOOOOOOOOC 

tooo      oooo      o 

«iOOOOOOO 

3 

d 

ft 

•H 

•H 

-H 

u 

U 

u 

3 

»• 

h 

u 

u 

M 

i 

H 

>» 

lA 

onso  o  h  ia  ia  c\  o  c\  C\ 

<-\rt  '  -:  HOOOHOO 

H  r^^t      (no  o  vo      on 

tN  ONVO  H  ON  IA  IN  t> 
HCMHHOOOO 

Q> 

o 

tMCVIH        OHOH        O 

H 

C5 

•    •»•♦»•••• 

•     ••          ••••          • 

•    ••••••• 

f    the  Val 

H 

o 

■ 

oooooooooc 

OCO        OOOO        o 

OOOOOOOO 

• 

c 

•  • 

fA 

H 

H  CM  H  CM  CM              H 

o 

c 

O 

o 

O  OO  O  O              O 

H 

o 

• 

•    •    •     •    •                • 

■ 

j 

* 

o 

o  o  o  o  o          o 

o 

•rl 

I 

••    •• 

I 

H 

1 

I 

CMtNtNtNVOtMHHtNON 

H  CN  fA  tA  CM  CA  -*•  lA  K\  O 

CO  ONOO  VO  On  O  CO  H 

A 

1 

•p 

\0  0>0  lAvO  VO  VO  ON  O  lf\ 

O  -d"  J-  IN  IN  ON  Jf  H  CM  CM 

KV4-  vo  tN  ON  O  tNCO 

3 

Pi 

■ 

•    •     •••••••• 

•     ••••••••• 

•    •••••     •• 

H 
O 

i 

u 

0 

•H 

EH 

OH  HHHHHHCMCM 

HOOHHHHCMCMfVI 

OOOOOHOO 

H 

•• 

o 
•p 

<MN  vO  iaco  ON  tN  CM  SO  IA 

JT\  H  H  l>  O  H  ON  On.*  VO 

C-CN-*  CM  O  rAC^-d- 

1 

H 

at 

OiA-*  IA-*.*  lAvOvO  H 

i 

■i  CM  HlAVOfN-d-CO  tNOO 

r 

\  CM  KN4-  (A  J-  H  CM 

s 

C 
1 

3 

A 

•  •     •••••••• 

50  0000000H 

1 

•     ••••••••• 

JOOOOOOOOO 

1 

lf( 

•    ••••••• 

>o  o  o  o  o  o  o 

a 

r 

i^n 

ro 

o 
Pi 

4 

•• 

« 

« 

« 

o 

■ 

B  ^ 

-  •• 

•* 

•H 

C 

", 

"CJ-OiAOJHM^ 

ta 

^vo -*coo  oovoj-h 

I 

>  VO  tN  IA  ON  O  CM  CN 

-p 

o 

60 

• 

■W-  H  fA-*-*  fAlALA-* 

lc 

5  O  O  tA-*  J-  fA  fA  IN4- 

>  O  O  O  O  H  H  H 

« 

■H 

^4 

4 

•   •     •••••••• 

jf 

»••••••••♦ 

* 

•    •»••••• 

•rl 

h 

U 

■P 

o 

CVJ 

3OOO0OOOOO 

CM 

5000000000 

fVI 

)  o  o  o  o  o  o  o 

•  • 

; 

E-< 

EH 

•H 

cm 

tN 

VO 

tH 

rg 

"YO  VO  O  H  ONCO  IA  H  VO 

H 

iCOVOvQOO  tAtNrfAO\ 

CX 

>  H  VO  ONONtNONON 
I  H  cm  cm  fA-*  J-  rA 

O 

i 

■)  CN-*  CN  tNVO  vO  tNoO  On 

0 

3  HCM  lAtNCOVOCO  CNCO 

r 

o 

• 

•    ••••••••• 

• 

»••••••••• 

• 

»•••«••« 

-P 

0 

3000000000 

a 

?ooooooooo 

a 

>  O  O  O  O  O  OO 

O 
CO 

«H 

M 

*• 

8 

■ 

i 

CO 

• 

• 

a 

^4-  <M  tAfAKNCM  tAtA-* 

1 

vj  tMtMCMrvirvjcMJ-fvirA 
5ooooo o o  o  o 

S1 

r\H\H  H  H  H  H  H 

ca 

JOOOOOOOOO 

■ 

DOOOOOOO 

• 

M 

•      ••••••••• 

•      •••••»«•• 

•     ••••••» 

o 

H 

O 
H 
,0 

••••♦* 

* 

5000000000 

s 

t>  ooooooooo 

• 

1 

30000000 

at 

•  • 

voc\ico-3-Ovoc\jco-*o 

-   •• 

v0CM00-*Ov0f\IC0-d-O 

•• 

VOC\IOO-*OVOCMCO 

H 

^4 

4_> 

H 

H  H  CM  fAfA-=l-  -*  lAvO 

CM 

HHWKMC\4-4-  IAVO 

IA 

H  H  CM  tA^^--* 

4) 

1 

till     1     II     II     1 

1 

1     1     1     1     1     1     1     1     1     1 

1 

1     1     1     1     1     1     1     1 

A 

O 

OvOCMoo-3-OvOrvloO-* 

O 

OvOC\JCO-t   OVOCVJOOJ- 

O 

OVOOJOO-*OVOCM 

H  H  CM  fA  fA-*  J-  IA 

H  H  <M  fA  hr\-*  J-  tA 

H  H  CM  fA  K\-d" 

20 


18  inch  level.   In  both  cases  the  increase  seemed  to  be  due  to  higher 
concentrations  of  water  soluble  calcium,  magnesium,  and  sulfate  ions. 
The  two  irrigated  sites  differed  in  that  the  long  time  irrigated  soil, 
(C  -  1),  had      r  concentrations  of  these  same  ions  in  the  surface  18 
inches.   Irrigation  a      -tly  inc     d  the  exchange  capacity  of  the  soil 
below  the  two-foot  depth.   This  may  have  resulted  from  the  irrigation  water 
causing  a  downwa-d  movement  of  clay.   However,  an  increase  in  clay  content 
was  not  indicated  by  the  saturation  pcrcc      .  IxeLeAgeeble  calcium 
increased  below  the  ti.o-foot  depth,  where  s  exc:.     :ble  magnesium 
decreased.   This  suggested  that  the  irrigation  waters  were  high  in  calcium. 

Comparison  D  (Tables  11  and  12)  ca&aleted  of  soils  from  two  sites, 
one  that  had  been  irrigated  for  75  years  (D  -  1)  and  was  in  alfalfa  when 
sampled,  the  other  which  had  been  irrigated  for  7  to  8  years  and  was 
fallow  when  sampled.  The  latter  had  bee*  irrigated  by  ditch  and  shallow 
well  during  tne  last  seven  to  oi0ht  f*  §   h,.d  the  former  for  the  past 

25  years.  Prior  to  that  time  the  site  (D  -  1)  soil  was  irrigated  only 
by  ditch.   Site  (D  -  2)  was  located  at  the  lower  eud  of  an  irrigated  run 
where  the  water  tended  to  collect  and  stoi  .  This  comparison  showed  a 
definite  accuuulajion  of  salt  with  irrigation.  This  accumulation  was 
more  pronounced  in  the  subsoil.   The  conductivity  was  a3  i   I  ./  increased 
in  the  surface  hut  it  was  doubled  in  the  subsoil  under  the  long  time 
irrigation.   The  conductivity  after  75  years  of  irrigation  had  reached 
values  of  6  to  7  ailli/nhos  er  on.  at  i  depth  of  2  to  k   feet.   The  sur- 
face r«      of  3.^  millimhos  per  cm.  was  high  enough  to  be  of  moderate 
concern.   The  concentrations  of  water  soluble  cations  except  potassium 
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increased  with  irrigation*  Water  soluble  sodium  increased  the  most. 
Sulfate  was  the  only  anion  which  showed  an  increased  concentration*   The 
analyses  of  the  soil  from  site  (D  m   1)  also  showed  .in  appreciable  increase 
in  exchangeable  sodium  between  a  depth  of  12  and  ^0  inches,  even  to  the 
point  of  being  excessive  for  good  crop  growth.   Like  the  irrigated  soil 
in  comparison  C,  this  irrigated  soil  elco  showed  increased  exchange 
capacity  in  the  subsoil,  probably  due  to  the  translocation  downward  of 
fine  material.  However,  in  this  c  xse  the  exchangeable  magnesium  did  not 
decrease  as  noted  previously.   The  accumulation  of  salt  in  the  irrigated 
subsoil  indicated  that  if  enough  water  was  applied,  the  profile  might 
be  leached  to  a  point  of  uniform  salinity  throughout. 

The  sites  selected  for  co  :parison  E  (Tables  15   and  Ik)   introduced  a 
new  situation.  The  land  of  site  (B  -  D  had  been  irrigated  for  about  ^0 
years  using  ditch  water  but  with  a  deep  well  as  a  supplementary  source. 
Site  (E  •  2)  was  located  on  land  which  had  been  irrigated  for  7  to  8 
years  using  water  from  ditch  and  shallow  .ell.   Both  sites  were  fallow 
at  the  time  of  sampling.   The  analyses  showed  that  the  soils  of  both 
sites  were  similar.  This  meant  that  irrigation  had  not  affected  the  salt 
accumulation,  or  that  all  of  the  alteration  was  accomplished  during  the 
first  seven  to  eight  years.   It  should  be  noted  that  the  concentrations 
of  the  water  soluble  calcium  and  magnesium  ions  were  lower  in  the  long 
time  irrigation  than  in  the  short,  while  the  concentration  of  sodium  ion 
was  higher.  This  la< icated  that  the  irrigation  water  used  on  the  long 
time  irrigation  was  hign  in  sodium  ions.   The  sample  from  site  (E  -  2) 
was  taken  at  the  upper  end  of  the  same  field  in  which  site  (D  ••  2)  was 
located,   SxaQination  of  the  two  analyses  showed  them  to  be  -uite  similar, 
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with  the  exception  that  the  E  *e  slightly  higher  in  parti  of 

the  E  -  2  profile,  mis  nay  have  been  due  to  the  fact  that  the  water 
tended  to  stand  oa  the  area  where  aite  D  -  2  was  loc  ted ,  aa  mentioned 
previously* 

Comparison  F  (Tables  15  and  16}  included  two  principal  sites  and 
two  problem  si tea*  The  soil  of  si to  F  -  1  had  been  irrigated  for  75 
years  with  ditch  aad  deep  veil  water*  while  that  of  aite  F  -  2  had  beta 
irrigated  for  kO  years  with  ditch  aad  shallow  well  water*  Apparently 
aite  F  •  2  had  not  been  irrigated  as  intensively  as  site  F  -  1.  So  imch 
silty  ditch  water  had  beaa  used  to  irrigate  site  F  -  1  that  the  field  was 
elevated  approximately  one  foot  above  the  surrounding  land*  At  the  time 
of  sampling*  the  land  of  site  F  -  1  was  in  alfalfa*,  while  that  of  aits 
F  •  2  was  fallow*  Also  Included  iu  this  comparison  were  two  sites*  7  e> 
3  and  F  -  k,   which  the  farm  operator  stated  were  problem  areas.  They 
were  not  being  cropped  at  the  time  of  sampling*  This  land  had  the  saas 
history  as  site  f  *  1.  :  ite  F  *  3  aad  F  -  h  were  not  so  elevated.  How- 
ever, thoy  were  so  stony  th  t  samples  eoult?  only  be  taken  to  a  depth  of 
13  inches*  These  soils  (sites  F  -  1*  3  and  h)   showed  a  definite  accum 
lation  with  the  longer  time  of  irrigation,  rhc  c  nductivity  and  water 
soluble  cation  content  showed  general  increases.  The  aulfats  ion  w  a 
again  the  increased  anion*  The  principal  difference  encountered  in  the 
problem  areas  was  the  -acr eased  salinity  of  the  surface  six  inches  of 
soil*  The  surface  conductivity  reading  of  the  aite  F  •  3  soil  was  3*7 
and  the  site  F  -  h   soil  *t*0  compared  with  a  reading  of  1*6  millimhos  per 
am*  for  the  site  F  •  1  soil*  The  higher  v  ulue  in  the  site  F  •  3  noil  was 
due  to  inereaaea  in  calcium  and  sulfate  ions,  while  in  the  site  F  -  k 
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soil  calcium,  sodium  and  sulfate  ions  had  increased.   These  conductivity 
values  were  high  enough  that  salts  might  have  caused  germination  diffi- 
culties.  Below  the  surface  six  inches  all  three  soils  had  conductivity 
readings  from  four  to  five  millimhos  per  cm.   However,  by  the  time  the 
seedling  roots  reach  this  depth,  the  plant  can  usually  endure  more  saline 
conditions  (Ik,   p.  65).   The  ESP  was  also  higher  under  the  longer  irri- 
gation and  may  have  caused  part  of  the  problem.   Observations  led  to  the 
belief  that  part  of  the  difference  between  the  salinity  levels  of  sites 
F  -  1  and  F  -  2  was  due  to  textural  differences.   This  will  be  discussed 
later. 

In  comparison  G  (Tables  17  and  18),  the  land  of  site  G  -  1  had  been 
irrigated  about  40  years  with  water  from  the  ditch  and  deep  well.   The 
site  G  -  2  land  had  been  irrigated  about  10  years  from  the  same  water 
sources.   Both  sites  were  fallow  at  the  time  of  sampling.   This  comparison 
actually  showed  no  change  or  even  a  slight  reduction  of  salt  content  with 
time  of  irrigation.   This  reduction  under  long  time  irrigation  was  shown 
by  a  lower  concentration  of  water  soluble  calcium,  sodium,  and  sulfate 
ions  below  the  tro  foot  level.   In  all  other  categories  the  two  soils  were 
apparently  about  the  same.   Again  the  major  change  may  have  taken  place 
during  the  first  10  years  of  irrigation.   The  salinity  and  alkali 
levels  were  not  high  enough  to  cause  concern. 

Comparison  H  (Tables  19  and  20)  included  soil  from  three  sites,  one 
of  long  time  irrigation  and  two  of  short  time  irrigation.   The  soil  of 
site  H  -  1,  which  was  planted  to  sorghum  at  time  of  sampling,  had  been 
irrigated  for  50  years  using  ditch  and  shallow  well  water.   The  soils  of 
sites  E  -  2  and  H  -  3  had  been  broken  from  sod  and  irrigated  from  shallow 
wells  for  5  and  2  years,  respectively.   The  site  H  -  2  soil  was  planted 
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to  sorghum  and  that  of  site  II  -  3  to  alfalfa  when  sampled.  This  compar- 
ison showed  a  slight  decrease  in  salinity  with  irrigation  as  indicated 
by  the  conductivity  and  concentrations  of  pr  ctically  all  the  water  sol- 
uble ions.  The  same  was  true  of  the  alkalinity  as  indicated  by  the  ESP 
values.  Irrigation,  therefore,  definitely  had  not  hurt  this  land  from 
the  standpoint  of  salinity  and  alkalinity,  but  rather  had  been  beneficial. 
In  this  ca:;e  the  short  time  irrigation  had  not  been  in  operation  long 
enough  for  many  changes  to  have  taken  place  over  the  virgin  condition. 
The  ana^aea  indicated  that  salinity  of  the  three  soilo  would  not  have 
hindered  the  growth  of  the  crops  usually  grown. 

Comparison  J  (Table  21)  was  located  on  land  directly  south  of  Lakin. 
The  site  J  -  1  soil  had  been  cultivated  about  25  years  and  irrigated  the 
last  four  yenro  from  the  ditch  and  shallow  well.  The  land  of  site  J  •  2 
had  not  been  cultivated  as  it  was  low  and  stony,  permitting  sampling  of 
only  the  top  foot  of  soil.  The  analyses  showed  the  conductivity  and  ESP 
to  be  higher  in  the  top  foot  of  the  irrigated  land,  which  indicated  salt 
accumulation.  However,  the  c      3on  was  not  very  good  due  to  the  poor 
soil  of  site  J  -  2,  This  made  it  difficult  to  draw  useful  conclusions, 
Values  of  all  analyses  placed  the  soil  well  within  the  suitable  range  for 

plant  growth. 

Comparison  K  (Tables  22  and  23),  located  southwest  of  Lakin,  con- 
sisted of  two  soil  cites,  one  whioh  had  been  Irrigated  only  few  years 
U  -  2),  Bot*  soils  </*r*  watered  from  the  ditch  and  shallow  wells,  and 
both  were  fallow  at  the  time  of  sampling.  The  surface  six  inches  showed 
an  increase  in  salinity  with  long  irrigation.  The  subsoil  showed  a 
decrease  in  salinity.  The  analyses  of  the  latter  showed  a  decrease  in 
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concentration  of  calcium,  sodium,  bicarbonate,  and  sulfate  ions  with  the  long- 
er time  of  irrigation.  The  conductivity  readings  were  slightly  affected  in 
the  same  direction,  being  three  and  five  milli;  hos  per  cm,  for  the  long  and 
short  time  irrigation,  respectively.  The  latter  was  high  enough  to  cause 
moderate  concern.  The  data  for  the  two  soils  showed  that  long  irrigation 
had  reduced  the  ESP  slightly.  The  comparison  indicated  that  the  soil  was 
fairly  saline  originally  and  that  the  water  quality  v/as  high  enough  that  it 
tended  to  leach  the  salts  and  improve  the  soil.  The  saturation  percentages 
of  the  two  soils  indicated  that  the  soil  of  site  K  -  2  (short  time  irrigat- 
ion) was  heavier  than  that  of  site  I  -  1,  which  may  have  had  some  bearing 
on  the  situation.  This  aspect  will  be  discussed  next. 

The  last  Comparison  L  (Tables  2k   and  25),  did  not  deal  with  a  difference 
in  length  of  irri;  ation  but  rather  with  a  soil  textural  difference.  The  two 
sites  ere  located  in  a  field  which  had  been  irrigated  50  years  using  ditch 
and  shallow  well  water.  The  field,  about  kO   acres,  had  been  managed  as  a 
unit.  At  the  time  of  sampling,  the  field  was  in  alfalfa.  There  was  a  marked 
change  in  30il  texture  within  the  field,  and  the  dividing  line  was  quite 
apparent  in  the  growth  of  the  alfalfa.  The  coarser  textured  soil  there  was 
fairly  good,  green  ,  rov/th,  while  the  finer  3oil  produced  a  thin  stand  with 
yellow,  spindly  growth.  The  saturation  percentage  of  the  two  soils  reflected 
the  differences  is  soil  texture.  The  finer  3oil,  site  (L  -  1),  had 
percentages  around  25,      In  the  profile  of  site  (L  -  l)  there  was  an  abrupt 
change  in  the  saturation  percentabe.   It  dropped  sharply  from  60  percent  in 
the  k2   to  k8   inch  (  epth  to  19  percent  in  the  k8   to  54  inch  depth.  This 
indicated  the  depth  at  which  the  loose  sand  was  encountered.  The  analyses 
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showed  this  sand  to  be  ouch  less  saline  or  alkaline  than  the  finer  soil 
immediately  above  it. 

The  conductivity  values  showed  the  finer  soil  (L  •  1)  to  be  too  sa- 
line except  for  nore  tolerant  plants  (14,  p.  9),  wixile  the  coarser  soil 
(L  *  2)  would  restrict  growth  of  only  sensitive  plants.  All  water  soluble 
cations  and  anions  were  found  in  greater  concentration  in  the  finer  soil. 
The  exchange  capacity  of  the  finer  textured  soil  was  about  double  that 
of  the  coarser  textured  coil.   The  ESP  values  of  the  copier  soil  were 
three  or  less,  wiiile  in  the  finer  soil  the  values  ere  mostly  above  12. 
The  latter  indicated  the  land  to  be  high  in  alkali.   A  hard  soil  condition 
had  been  noted  at  the  time  of  sampling.   This  indicated  that  the  soil  may 
have  been  dispersed,  which  is  characteristic  of  soils  with  3SP  values 
that  high. 

A  check  of  the  saturation  percentages  of  soils  of  other  sites  in  the 
study  showed  similar  trends  although  not  as  clear  cut  as  in  comparison 
L.   The  soils  of  sites  F  -  1  and  F  <*  2   (Tables  15  and  16)  may  be  used  as 
previously  mentioned.   In  this  case  the  salt  accumulation  on  the  site 
F  -  1  soil  was  caused  by  two  factors,  soil  texture  and  length  of  time  of 
irrigation.  Management  had  likely  produced  the  modification  of  texture, 
through  the  use  of  silty  irrigation  water. 

In  comparison  X  it  was  mentioned  that  toxturol  differences  may  have  been 
partly  responsible  for  a  slight  reduction  of  salinity  with  irrigation.   In 
this  iHti  howrer,  ihe  lon,^  time  irrigation,  site  K  -  1,  (Tables  22   and  23) 
was  on  the  coarser  soil  so  did  not  show  the  salt  accumulation  as  did  the 
short  time  irrigation,  which  was  on  tho  finer  soil. 

The  soils  of  two  other  sites,  C  -  1  (Tables  9  and  10)  and  D  -  1, 
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(Tablon  11  a*d  1.?)  iUustr te  tbi©  point  also*  ftotb  of  those  sites  war* 

th*  me  irrigation  unit,  huvin ;  boeu  irrigated  for  about  79  yeare. 
The  o  turatioa  percentage  of  the  saftpls  fro*  alto  0*1  was  fr  ;a  30  to 
*0  wall*  that  of  theeite  D  -  1  sanple  wa«  about  SO  percent.  Jorroapoad- 
iagly,  tbe  eoaduetlvity,  srebal    i«  to  inoroaa**  concentration  of  sodlua 
sulfate,  and  the  a*F  value*  wore  bighsr  in  too  aoll  of  site  0-1  theft 
that  of  alto  C  •  1.  the  salinity  and  alkalinity  valuea  plane  tbe  finer 
soil  fr©»  site  D  •  1  in  a  range  where  it  sight  readily  restrict  c. 
growth.  The  coarser  soil  would  have  caused  little  hara  to  the  crops  grown. 

As  Importance  of  the  texture  of  tbe  aoll  being  Irrigates  has  boon 
overlooked  suite  of to*  whs*  planning  irrigation  protests*  a a  an  bo  seen, 
it  aoy  bo  ef  p*ra*eu»t  lapertanoe.  Bad  all  of  the  field  studied  1*  so** 
pari*  a  L  bee*  on  the  soareer  aoll,  tbe  probleao  In  cro  production  prob- 
ably  Mould  not  have  has*  encountered. 


Tweaty-aevea  alts*  wars  saaplsd  la  Sssrsy  County,  Causae,  to  study 
the  effect  of  irrigation  on  tbe  she*l*al  proper tlea  of  the  aoll*  Two 
altea  were  loc  ted  on  the  aishfield.  Blyssos.  Jolby  soil  aseooiatioa 
northwoet  of  Lakin,  three  oa  the  Ulysoeo.  .alb/  ooii  association  nor 
of  ioerfleld,  ad  the  rs*alnder  on  the  vallej  alluvia*  south  of  Lot 
On  three  of  the  soils  only  tolerant  plants  would  be  expected  to  grow* 
Five  othsr  soil*  sight  have  reduced  crop  growth*  The  rest  of  ths  so 
wo  Id  have  oaussd  ao  *allnlty  or  alkalinity  .reblea*.  ft**  f   aitss  wore 
grouped  into  11  oeapsrlac**  for  th*  purpose  of  study*  tho  two  soil*  so 
the  aishfield,  lUyosee,  Colby  soil  assoslatlca  wore  essentially  d* 
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with  very  low  salinity  and  Alkalinity*  The  scila  of  the  Ulyases,  Colby 

n  comparison  si.  accumulation  of  salts  with  irri- 

... ■:.,  At  till  with  low  salinity  and  alkalinity.  A  problem  soil, 
not  typical  of  extensive  .-icer  i  area  showed  excessive  aalinity 

and  '.. I ;.-.  our  of  the  nine  comparison.:;  on  the  alluvium  showed  salt 
ace  ,  ith  the  soil  of  one  site  showing  high  salinity*  Four  com- 
parisc     ..md   no  ah  nt  o  or  an  actual  reduction  of  salt  content*  The 

of  sampler  con^ared  textural  differences,   km   finer  textured 
soil  showed  a  rauch  greater  accumulation  of  salts  than  did  the  coarser  soil, 

.  rIjo  showed  similar  trends* 
to  the  conclusion  that  not  nearly  enough  emphasis 
has  been  placed  on  soil  teture  in  planning  irrigation  projects.  There 
were  two  factor        ersaitted  irrigation  to  be  com  uctco  on  the  valley 
alluvium  for  ■  number  of  years  with  sometimes  questionable  water.  First, 
even  though  the  water  often  contained  appreciable  sodiun,  the  soil  con- 
tained enough  gypsum  to  prevent  aeil        _on,  and  also  to  maintain  a 
favorable  sulfate  J  chloride  ratio*  The  second  was  the  excellent  subsurface 
drainage  provided  by  the  layer  of  lc  .  Lch  MM  found  under  the 

area  at  a  depth  of  four  to  five  feet*  However,  in  spite  of  this  favor* 
able  balance  of  g)     and  almost  ideal  subsurface  drainage,  the  result. 
of  these  analyn        ite  L  -  1   §v»4  clearly  that  jalt  accumulated  in 
fine  textux-      la   and  that  the        iied  an  injurious  level*  Agair  , 
this  fMt  that  more  care  must  be  exerci  a,c  in  the  selection 

of  land  for  irrigation. 
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Twenty-oeven  altos  were  saapltd  in  Kearny  County,  Kansao  to  study 
the  effect  of  irrigation  on  the  chenical  proper tiea  of  the  noil.  Two 
aiteo  were  located  on  the  Ittchfield,  Ulysses,  Colby  aoil  association 
northwest  of  Lakin,  three  on  the  Ulysses,  Colby  soil  association  north 
of  Deerfield,  and  the  remainder  on  the  valley  alluvium  south  of  :*in. 
The  27  sites  were  grooved  into  11  comparisons  for  the  purpose  of  study* 
Irrigating  on  the  uplands  woo  all  done  by  deep  well,  while  in  the  valley 
ditch,  shallow  wells  nod  dsop  wells  were  all  used* 

Siteo  were  oeapled  by  six  inch  deptho  to  five  feet.  Analyses  for 
the  principal  water  soluble  and  extraetable  ions  were  sods  on  each 


pie*  Cations  were  determined  on  the  Becknan  Model  00  flans  photoneter. 
The  sulfate  ion  was  determined  eonduetiaetrioally  so  gypsum,  and  the 
other  anieso  ti trine trie  illy,  the  conductivity  of  the  saturation  extract 
was  determined  and  the  exchangeable  eutlono  and  exchangeable  oodioa  per- 
centage (ESP)  were  calculated* 

Only  three  of  the  soils  produced  analyses  which  placed  then  in  the 
range  where  only  oalt  tolerant  plaato  would  be  expected  to  grow*  Five 
other  soils  night  have  hindered  orop  growth  while  the  rest  would  have 
caused  no  salinity  or  alkalinity  ,  roblema.  The  two  soils  on  the  Lich- 
field, Ulysses  Colby  soil  association  were  essentially  duplicates,  with 
very  low  salinity  and  alkalinity*  The  soils  of  the  Ulysses,  Colby  soil 
association  chewed  slight  accumulation  of  salts  with  irrigation,  but  still 
with  low  salinity  and  alkalinity*  A  problen  noil,  not  typical  of  exten- 
sive aeera  en  in  this  area  chewed  excessive  salinity  and  alkalinity* 
Pour  of  the  nine  comparisons  on  the  alluviun  showed  salt  aceumul  tion, 
with  the  soil  of  one  site  showing  high  salinity,  ?our  oonparioonn  showed 


no  change  or  an  actual  reduction  of  salt      it*  The  ninth  act  of 
samples  oompared  textural  dif fereaoee*  The  flat  soii  showed  a  much 
gre -tor  accumulation  of  salts  thaa  did  the  coarser  moll* 
'  textured  sites  studied  also  showed  similar  treads, 

Thie  study  lad  to  the  conclusion  tht  not  nearly  eaou&h  emphasis 
had  bean  plaead  on  the  aoil  texture  la  planning  Irrigation  j rojocts* 
There  wart  two  f  ctors  which  permitted  irrigation  to  be  conducted  on  the 
valley  alluvium  for  a  number  of  ye  re  with  sometimes  questionable  water* 
First,  even  though  the  water  often  contained  a  ;  reciable  sodium,  the  a 
contained  enough  gypsum  to  prevent  eoil  dia: ersion,  and  also  to  maintain 
ft  favorable  sulfate  to  chloride  ratio*  The  second  was  the  excellent  sub- 
surface drainage  provided  by  the  layer  of  loose  sand  which  underlaid  the 
area  at  a  depth  of  four  to  five  feet*  In  siite  of  this  favorable  balance 
of  gypsum  and  almost  ideal  subsurface  drainage,  results  of  these  analyses 
showed  clearly  that  salt  aoououlated  in  fine  textured  soils  and  that  the 
exchangeable  sodium  percentage  reached  an  injurious  level*  Again,  this 
stresses  the  fact  that  more  care  must  be  exorcised  in  the  selection  of 
land  for  irrigation* 


